1. Introduction {#s0005}
===============

The most pronounced clinical finding during transient global amnesia (TGA) is a disturbance in anterograde episodic long-term memory; therefore, the transient dysfunction of the medial temporal lobe, especially of the hippocampus, is assumed to be one of the main pathophysiological mechanisms ([@bb0125]). Previous studies report the existence of additional, non-amnestic dysfunctions during TGA ([@bb0115]). The results of a meta-analysis showed performance reductions in executive function with delayed recovery ([@bb0125]). The only structural finding consistently reproduced in TGA patients is that of small diffusion-weighted imaging (DWI) lesions that are located within the CA1-subfield of the hippocampus ([@bb0020]; [@bb0210]). In addition to these "core" lesions within the hippocampus, other brain regions, such as the thalamus and especially the prefrontal cortex, have been reported to be functionally disturbed during episodes of TGA in case studies using positron emission tomography (PET) assessment ([@bb0015]; [@bb0070]; [@bb0100]).

In this prospective study, we investigated functional connectivity (FC) in patients with acute TGA as documented by a standardized neuropsychological assessment in the emergency department (ED). We used independent component analysis (ICA) to determine group differences between acute TGA patients and controls, as well as between patients with a history of TGA. In addition to the previously reported neurocognitive features of TGA, we hypothesized that our analyses would demonstrate altered functional connectivity in networks involving the hippocampus and the executive network (EN) during TGA.

2. Methods and materials {#s0010}
========================

2.1. Participants {#s0015}
-----------------

Sixteen patients presenting with an acute episode of TGA to our ED were prospectively included in this study if they a) fulfilled the established criteria for TGA ([@bb0120]); b) were still in the acute episode, as demonstrated by a standardized neuropsychological assessment; and c) had no contraindications to undergo MRI. TGA was diagnosed according to the Hodges and Warlow criteria, indicating that clouding of consciousness, a focal neurological deficit, or a history of epilepsy or trauma was not present in any of the patients. In all cases, anterograde amnesia was documented by the ED neurologist or a capable witness. Patients and family were questioned regarding potential stressful events preceding the onset of TGA. These were documented and classified either as an immediately preceding physical or emotional stressor or as a remote or ongoing emotional stressor in the days or weeks before the episode. The study examinations were performed during the presentation of the patients to the ED. From our prospectively collected TGA database with over 400 cases that also fulfilled the abovementioned criteria, we included 20 right-handed TGA patients who had suffered an episode of TGA between 2010 and 2011 as a control group. We additionally recruited 20 healthy control subjects matched for age. All 40 control subjects received an MRI scan and a detailed neuropsychological evaluation. Datasets from one acute TGA patient and two healthy participants were excluded for technical reasons. The study was approved by the Ethics Committee of the Medical Faculty Mannheim, Heidelberg University and conformed to the Code of Ethics of the World Medical Association (Declaration of Helsinki, 6th revision, 2008). Written informed consent was obtained before inclusion and was repeated in acute TGA patients after symptom resolution.

2.2. Short neuropsychological evaluation in the emergency department {#s0020}
--------------------------------------------------------------------

A standardized short neuropsychological assessment was performed at patient presentation to the ED to document ongoing episode of TGA (see [Table 1](#t0005){ref-type="table"}). This included an assessment of orientation concerning time, place and person with 5 questions for each dimension ([@bb0085]). Digit span was assessed, and word list learning with two learning trials for a list of 5 words, delayed free and cued recall as well as recognition (1 out of 3) was used to test episodic verbal memory ([@bb0110]; [@bb0165]). Subtest "picture recognition -- delayed recall" of the Rivermead Behavioral Memory Test was used to test naming and visual episodic memory ([@bb0255]). Semantic word fluency was tested by naming of animals within 1 min ([@bb0160]). Apraxia was ruled out by imitation of two complex bimanual poses.Table 1Neuropsychological assessment.Table 1Cognitive domain (test adaptation)Test procedure/questionsScoreOrientation in person, time and space (MMSE)Answer the following questions:\
"Name? Surname? Birthday? Address (Street/city)?"\
"Day of the week? Exact Date (Year/month/day)? Time?"\
"Country? State? City? Exact location? Floor?"1 point for each correct answer: maximum 15 pointsVerbal memory item (MoCA)Memorize and recall a list of words after a delay of 10 min:\
Face/Velvet/Church/Daisy/Red (2 learning trials)1 point for each word recalled in 2 learning trials: maximum 10 points; 1 point for each word recalled freely, with cue or recognized from a set of 3 choices: maximum 5 points in each trialPicture recognition item (RBMT)Name a set of 10 pictures and recognize them from a set of 20 pictures after 10 min1 point for each correctly named picture, 1 point each for correct delayed recognition: maximum 10 points; false positive scores counted: maximum 10 pointsApraxiaImitation of 2 bimanual gestures\
![](t1.gif)1 point for each correct gesture: maximum 2 pointsSemantic word fluency (CERAD)Name as many animals as possible in 60 s1 point for each correct word; repetitions countedVerbal short-term memory (WMS-R)Forward digit span of lists with lengths of 3--8 digits, with list length increasing after each correct trial and stopping after two incorrect trials of the same list lengthPoints for maximal list length successfully recalled: maximum 8 points[^2]

2.3. Acquisition of MRI data {#s0025}
----------------------------

The MRI session was performed on a 3 T MAGNETOM Skyra whole body MR scanner (Siemens Healthineers, Erlangen, Germany) using a 20-channel head/neck coil.

### 2.3.1. Structural imaging {#s0030}

We used a T1-weighted magnetization-prepared rapid gradient-echo (MP-RAGE) sequence (TR = 1900 ms, TE = 2.13 ms, flip angle = 9°, FoV = 240 × 240, matrix size = 256 × 256, voxel size = 0.9 × 0.9 × 0.9 mm^3^, slice oversampling = 16.7%, BW = 230 Hz/px, parallel acquisition technique GRAPPA acceleration factor 2). Additional diffusion-weighted sequences were performed perpendicularly to the long axis of the hippocampus.

### 2.3.2. Functional imaging {#s0035}

Blood oxygenation level-dependent (BOLD) whole-brain functional images were acquired using a T2\*-weighted gradient-echo planar imaging (EPI) sequence (TR = 2210 ms, TE = 23 ms, FoV = 220 × 220 mm^2^, matrix size = 96 × 96, voxel size = 2.3 × 2.3 × 3.0 mm^3^, flip angle = 90°, bandwidth = 1270 Hz/px, parallel acquisition technique GRAPPA acceleration factor 2). For each image volume, 36 axial slices (slice thickness = 3.0 mm, no gap) were recorded in interleaved slice order, positioned along the anterior and posterior commissure (AC-PC orientation), measuring a total of 210 volumes. The participants were instructed to rest quietly with their eyes closed without sleeping during the resting-state fMRI measurement.

All patients received routine cranial MRI examinations after 24 h including a detailed DWI protocol with sequences parallel to the long axis of the hippocampus.

2.4. Analysis of resting-state fMRI data {#s0040}
----------------------------------------

Resting-state fMRI data were analysed using the multivariate exploratory linear optimized decomposition into independent components (MELODIC, v. 3.14) independent components analysis (ICA) from the FSL software package (v. 5.0.9) ([@bb0030]; [@bb0035]; [@bb0025]). The pre-processing of fMRI data included non-brain structure removal from the EPI volumes using the Brain Extraction Tool (<http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/BET>), motion correction and high-pass temporal filtering (with a cut-off frequency of 0.01 Hz). The images were subsequently smoothed based on the full width at half maximum of the Gaussian kernel (5 mm). Functional MRI volumes were registered to the individual\'s structural scan and to MNI-152 standard space images using FMRIB\'s Linear Image Registration Tool (<http://fsl.fmrib.ox.ac.uk/fsl/fslwiki/FLIRT>). MELODIC ICA was applied using all fMRI scans (n = 53) to obtain robust group-ICA spatial maps that were estimated automatically.

2.5. Identification of resting-state brain networks {#s0045}
---------------------------------------------------

MELODIC automatically estimated 93 independent components using a Laplace approximation (<http://fsl.fmrib.ox.ac.uk/fsl>) for all datasets of acute TGA patients and both control groups. We identified the traditional IC maps selected to represent intrinsically connected cortical networks by visual inspection based on their localized spatial connectivity patterns with reference to reported resting-state networks: visual networks, auditory network, default mode network (DMN), EN, right and left lateralized fronto-parietal networks, somatosensory network, as well as right and left hippocampal networks ([@bb0030]; [@bb0045]; [@bb0060]; [@bb0220]). For details please see [Fig. 1](#f0005){ref-type="fig"} of the Supplementary material).Fig. 1DWI lesions in acute TGA patients on day 1: 3D visualization of all 25 DWI lesions in MNI space. Hippocampus surface models were created from the Harvard-Oxford subcortical structural atlas.Fig. 1

Absolute (referenced to the middle time-point) and relative (compared with the previous time-point) estimations were used to quantify head motion. These estimates were taken as the root mean square values of translational and rotational movements. The group averages and group differences of the root mean square motion estimates were computed by FSL MCFLIRT. Absolute and relative motion parameters were compared between groups using one-way ANOVA.

2.6. Group comparisons {#s0050}
----------------------

Along the ICA-dual regression approach, our main analyses consisted of comparing each network of interest (the EN, left and right hippocampal networks) between groups. The set of spatial maps from the group-average analysis was used to generate subject-specific versions of the spatial maps, and associated timeseries, using dual regression ([@bb0175]). First, for each subject, the group-average set of spatial maps was regressed (as spatial regressors in a multiple regression) into the subject\'s 4D space-time dataset. This resulted in a set of subject-specific timeseries, one per group-level spatial map. Next, those timeseries were regressed (as temporal regressors, again in a multiple regression) into the same 4D dataset, resulting in a set of subject-specific spatial maps, one per group-level spatial map. The comparison across the group of subjects was achieved using 5000 permutations in randomise (nonparametric statistical tool ([@bb0260]) using unpaired *t*-test contrasts (FMRIB Software Library) with threshold-free cluster enhancement and family-wise error (p \< 0.05) correction.

3. Results {#s0055}
==========

3.1. Study population {#s0060}
---------------------

[Table 2](#t0010){ref-type="table"} summarizes the characteristics of the study population. Six patients reported physical extortion, while 7 patients related on acute psychological stress immediately before symptom onset with sadness/grief being the most often reported emotion (n = 4). Additionally, 12 patients stated that they suffered from chronic emotional stress with sadness/grief being the most often named stressor (n = 4). Five patients had a history of psychiatric illness (1 anxiety disorder, 1 burn-out, 3 depression). In 6 patients the exact onset of symptoms was witnessed. In these patients, MRI was performed after a mean of 3.36 h since onset. In the remaining 10 patients, MRI was performed 5.16 h after the time they were last seen normal by relatives. MRI was performed immediately after the neuropsychological evaluation. Upon follow-up MRI, which was administered within 24 h after the initial measurement, all patients had developed hyperintense hippocampal DWI lesions (see [Fig. 1](#f0005){ref-type="fig"}). None of the subjects in the control groups showed abnormal findings in a detailed neuropsychological assessment -- the results have been reported previously in detail ([@bb0095]).Table 2Characteristics of the study population.Table 2Acute TGAControlsHistory of TGANumber162020Age, years; mean (SD)69.5 (±10.55)66.55 (±7.0)66.50 (±7.7)Sex male; number888Psychiatric comorbidities[a](#tf0005){ref-type="table-fn"}; number516MMSE28.64 (28--30)29.5 (28--30)30 (28--30)Hippocampal DWI lesion16NA16[b](#tf0010){ref-type="table-fn"}Left54Right62Bilateral510[^3][^4][^5]

3.2. Short neuropsychological evaluation in the emergency department {#s0065}
--------------------------------------------------------------------

All patients were neuropsychologically tested in the ED. All of them were oriented to person, and the majority were oriented to place, whereas orientation to time was very poor overall. The naming of pictures was without pathological findings. Short-term memory functions, such as those involved in digit spans and learning 5 words, were normal, but none of the patients could freely recall any of the presented words. Cued recall was very poor, and recognition was in the range of chance. Picture recognition was below even what could be expected by chance because our patients tended to answer "no" to most presented recognition items. Semantic word fluency was normal, but patients showed a high rate of repetition due to memory dysfunction. None of the patients showed apraxia, and only two patients could not imitate one of two complex bimanual poses correctly. For details, see [Fig. 2](#f0010){ref-type="fig"}.Fig. 2Results of neuropsychological testing in means plus standard deviation for performance of 16 patients with acute TGA in the emergency room. The numbers in brackets indicate the highest possible score.Fig. 2

3.3. Whole brain functional resting-state network comparison {#s0070}
------------------------------------------------------------

The identified EN, as detected by group-independent ICA (encompassing all groups), is shown in [Fig. 3](#f0015){ref-type="fig"}. Compared with healthy controls as well as with patients with a history of TGA, patients with acute TGA showed a significant reduction of FC mainly - but not solely - in structures belonging to the EN. The areas showing significant between-group differences with the EN included frontal and prefrontal regions, such as the superior, inferior, and middle frontal gyri; the cingulate gyrus; and parietal and subcortical structures such as the insula and the striatum (caudate nucleus and putamen) in the basal ganglia, as well as the hippocampus ([Fig. 4](#f0020){ref-type="fig"}, [Table 3](#t0015){ref-type="table"}). As a result of the exploratory analyses, no other resting-state networks showed significant changes in FC between groups. We found no significant differences in FC when comparing patients with a history of TGA and healthy controls. There was no significant difference between groups either in the relative or absolute motion parameters; relative motion was 0.153 mm for the healthy controls, 0.144 mm for subjects with a history of TGA and 0.172 mm for patients with acute TGA (F ~2,50~ = 0.601, p = 0.55), and absolute motion was 0.538 mm for healthy controls, 0.528 mm for subjects with a history of TGA and 0.643 mm for patients with acute TGA (F ~2,50~ = 0.520, p = 0.59).Fig. 3Independent component maps representing the executive network detected by group-independent component analysis (Melodic FSL) in 53 subjects (acute TGA, controls, and controls with a history of TGA). Images show z statistics overlaid on the averaged high-resolution scan transformed into MNI-152 standard space.Fig. 3Fig. 4Results from dual regression analysis (whole brain between-subject comparison): (A) Healthy controls \> acute transient global amnesia (TGA) (within the executive network) p \< 0.005, slices are shown at \[x = 34, y = 13, z = 12\]; MNI-152 coordinates\]). (B) Patients with a history of TGA \> acute TGA (within the executive network) (p \< 0.005; \[x = 34, y = 13, z = 12\]). Colour bars represent 1 minus *P*-value. (1.5-column fitting image).Fig. 4Table 3Decreased functional connectivity clusters in acute transient global amnesia (TGA) compared to a) healthy controls and b) patients with a history of TGA (*p*-values are family-wise error (FWE)-corrected; Coordinate space: MNI, Montreal Neurological Institute).Table 3Cluster size (voxels)X (mm)Y (mm)Z (mm)p-valuesBrain locationa)26183414120.003Insula, frontal lobe (frontal operculum cortex), basal ganglia (caudate, putamen), cingulate gyrus (anterior and posterior), superior-middle-inferior frontal gyrus, frontal pole, hippocampus4670−22160.01Parietal lobe (postcentral gyrus), temporal lobe (superior temporal gyrus)41−66−38−80.02Temporal lobe (middle temporal gyrus)27−38−26400.04Parietal lobe (postcentral gyrus)  b)291246−280.005Frontal lobe (central opercular cortex), insula, basal ganglia (caudate, putamen), cingulate gyrus (anterior and posterior), temporal lobe (superior-middle temporal gyrus), precuneus cortex; hippocampus superior-middle-inferior frontal gyrus, hippocampus1322−6520.03Frontal lobe (superior-middle frontal gyrus)12−5146−120.04Frontal lobe10−46−30400.05Parietal lobe (supramarginal Gyrus)

4. Discussion {#s0075}
=============

In this study, we performed whole-brain investigations of altered FC in acute TGA using resting-state fMRI. Regions with significantly reduced FC mainly constituted hubs of the EN. Additional regions that exhibited decreased FC with the EN included the hippocampus, confirming its pathophysiological involvement in the disorder, as well as regions that are known to be important hubs of the salience network and other subcortical regions. These results add to the understanding of cortico-cortical and subcortical interactions involved in the memory functions of the human brain and of the neuropsychological profile of TGA within a modern large-scale network view. In detail, the regions showing decreased connectivity with the EN included frontal and prefrontal regions, the cingulate gyrus, and parietal, insular and subcortical structures, as well as the hippocampus. As reported elsewhere, the chosen analysis method is sensitive enough to highlight regions between groups that are not also significantly included in the initial main group spatial map of the component, unmasking important differences not only in the connectivity within regions but also with the network of interest ([@bb0040]; [@bb0075]; [@bb0250]).

To date, only one study has been published using resting-state fMRI in acute TGA ([@bb0190]). Peer et al. performed a literature-based and hippocampus-driven functional examination of ad hoc defined episodic memory networks during TGA and showed a significant reduction in its functional connectivity. They report that this reduction also involves regions other than the hippocampus (frontal regions, cingulate cortex and basal ganglia), was more pronounced in the hyperacute phase than in the postacute phase and was resolved on follow-up. In their cohort, only 3 patients were described as hyperacute, defined as disorientated in time. Our cohort consisted of 16 patients who all had a documented ongoing TGA episode with disturbed episodic long-term memory, as demonstrated by neuropsychological evaluation immediately before MRI scan. Furthermore, every patient in our cohort developed hippocampal DWI lesion on follow-up MRI on day 1. This is higher than reported in the literature and may partly be explained by the dedicated patient selection and thorough DWI assessment and indicates the quality of our patient selection ([@bb0020]). We chose to analyse our data using an ICA approach, thus without predefining the hippocampus as a specific seed region but instead allowing the complete automatic (data-driven) identification of spontaneous ongoing network dynamics. Although, to some extent, an overlap exists between our study and Peer\'s study, our approach specifically showed reduced FC of the EN in patients with acute TGA compared to patients with a history of TGA and healthy controls.

4.1. The relevance of the executive network in TGA {#s0080}
--------------------------------------------------

The most prominent cognitive disturbance during TGA is a substantial reduction in anterograde episodic long-term memory, specifically regarding difficulty learning and subsequently recalling novel episodic information ([@bb0150]). This has led to the assumption that TGA is primarily an episodic memory and hippocampal formation disorder; however, it must be noted that making new episodic memories also necessarily requires executive functions. Whereas the hippocampus has been particularly implicated in aspects of episodic memory impairment related to long-term memory, frontal control regions, such as the dorsomedial, dorsolateral and ventromedial prefrontal cortex, have previously been associated with episodic memory, specifically with attentional/working memory and executive processes that involve inhibition, interference control processes and cognitive flexibility, all of which are well-known executive functions ([@bb0065]; [@bb0070]; [@bb0135]; [@bb0215]).

In particular, the medial prefrontal cortex may also play a role during the initial stages of memory consolidation, as well as in the recall of recent memories ([@bb0090]). Although only a few studies have directly addressed executive functions during episodes of TGA, a recent meta-analysis was consistent with previous studies proposing subtle executive dysfunctions and reduced working-memory processes in TGA ([@bb0125]). For instance, when combined with possible frontal hypoperfusion, Stillhard et al. found that TGA patients performed relatively poorly in tests of prefrontal up to 22 days after the TGA episode ([@bb0230]). Eustache et al. noted hypometabolism in the left prefrontal cortex in a patient during the acute phase of TGA and suggested that this change may be associated with reductions in episodic memory retrieval and verbal fluency, functions in which the left prefrontal cortex is thought to be involved ([@bb0070]). Similarly, Baron et al. suggested that TGA may be associated with a dysfunction in the lateral prefrontal cortex that could lead to both diminished episodic memory retrieval and executive (including working memory) dysfunction ([@bb0015]). Le Pira et al. suggested that TGA patients show poor planning skills, an ability that is thought to be mediated by the frontal lobe ([@bb0140]).

Moreover, most patients also exhibit a partial loss of retrograde episodic long-term memory with difficulty recalling episodic information that was learned (hours, days, or months, etc.) before the onset of the amnestic episode ([@bb0130]). According to the standard model of systems consolidation, during an initial stage of memory recall, the hippocampus connects distributed neocortical representations during the retrieval of recent memories ([@bb0005]). However, in a time-dependent manner, a hippocampal-cortical dialogue ultimately enables widespread cortical networks to mediate effortful recall and independently use cortically stored remote memories ([@bb0145]). Therefore, one could argue that the difficulty many TGA patients have in recalling episodic information learned before the onset of the amnestic episode is already a sign of the involvement of structures outside of the temporal lobe.

4.2. Executive network and salience network hubs {#s0085}
------------------------------------------------

Our results also extend previous findings by showing the critical role of the EN and related functions during TGA, as well as its relationship with other important brain hubs, such as its fronto-insular connectivity, including connections to the insula, the anterior cingulate cortex and the frontal operculum. These regions have been described as part of the salience network and as being important in the integration of highly processed sensory stimuli with visceral, autonomic, and emotional information, thus making these regions relevant for interoceptive-autonomic processing ([@bb0050]; [@bb0055]; [@bb0155]). Interestingly, the executive and salience networks were reported to be strongly temporally associated with specific fronto-insular nodes, which suggested a transfer of information or the facilitation of a switch between the two networks ([@bb0215]). Another study also found interactions between regions in the executive network (i.e., the bilateral dorsolateral prefrontal cortex) and salience network (i.e., the dorsal anterior cingulate cortex and left fronto-insular cortex) that are relevant for working memory accuracy ([@bb0080]). For example, the EN would allocate cognitive resources and divide or switch attention toward salient stimuli when necessary. General disturbances in executive functioning may hinder the integration of new relevant information into a pre-existing framework. In the TGA symptomatology, this deficit would highlight the critical role of executive functioning, not only specifically that of working memory. Following modern predictive coding theories, matching incoming sensory input with a priori stored information while constructing a percept is an essential part of selective attentional processes ([@bb0235]). Therefore, the findings of our study enable the visualization and estimation of real-time brain dysfunction and implicate widespread alterations during TGA.

4.3. Executive network and subcortical interactions {#s0090}
---------------------------------------------------

Interestingly, we also found differences in connectivity with different subcortical structures. This result is not surprising considering that the prefrontal cortex has also been shown to modulate subcortical structures and their connectivity ([@bb0185]; [@bb0205]). Although a reduced functional connectivity of the basal ganglia was also reported by Peer et al. using their approach, our finding is novel at the whole brain level with respect to hippocampal impairment ([@bb0190]). As part of the memory system and in connection with parietal and hippocampal regions, the prefrontal cortex of healthy individuals has been described as a mediator between the dorsal attentional and hippocampal-cortical memory systems and as a trigger in the assimilation of new memories into pre-existing networks of knowledge ([@bb0195]; [@bb0245]), thus creating a semantically meaningful multidimensional representation that is ready to be stored in temporal regions. This ability generally represents an important memory-related function, and in the context of TGA, it could be related to anterograde amnesia that is typically observed in these patients. A recent fMRI study using a fear-conditioning paradigm has proposed that the striatum is involved in implicit learning processes in TGA patients ([@bb0170]). Connectivity changes were also observed in the subdivisions of the striatum in the present study, specifically, in the central and dorsal striatum -- including the caudate nucleus and the putamen -- which have already been described as playing integral roles in cognition and executive function ([@bb0105]).

Although previous studies do not suggest clinical or morphological consequences of an episode TGA, we chose to use not only a group of healthy controls but also a group of controls with a history of TGA to study the presence or a lack of persisting functional connectivity changes after the disorder. Even though, we did not find statistically significant differences between the two control groups, a cluster in the lateral temporal lobes is impaired in TGA compared to healthy controls, but not compared to patients with past TGA. This result could possibly indicate a persisting change of temporal lobe activity in the patients with a history of TGA, that future studies should further investigate in more detail.

Finally, from an aetiological point of view, our findings are also in line with the recent hypothesis that TGA might be caused by a transient stress-related inhibition of memory formation in the hippocampus, as physically or emotionally stressful episodes have been reported to be a precipitating event in up to 89% of TGA cases ([@bb0200]). Conditions of psychological stress cause the impairment of the prefrontal cortex via amygdala activation and impair higher-order prefrontal cortex abilities such as working memory and attention regulation ([@bb0010]). Using fMRI in humans, Oei et al. showed that acute cortisol elevation is associated with decreased brain activity in the prefrontal cortex and hippocampus during declarative memory retrieval ([@bb0180]).

5. Conclusions {#s0095}
==============

In summary, our findings indicate that in TGA, significant changes in whole brain networks occur that function outside the specific and direct control of the hippocampus. These changes may exacerbate anterograde amnesia, which is the most stable and most often reported memory deficit during acute TGA episodes, and thus may go beyond the mere impairment of long-term memory systems. The impaired functioning of prefrontal and parietal control regions of the executive and salience networks may strongly contribute to the creation and storage of a unitary representation through the involvement of temporo-medial structures. The inability to create new memories, which is initiated by hippocampal impairment, may also be due to reduced connectivity between the executive and salience networks that mediate the reduced identification of relevant new information to be integrated during an amnesic episode. The present data add information regarding neuroplasticity following hippocampal impairment and help strengthen, extend and integrate previous knowledge to develop an advanced neuroscientific model of hippocampal impairment in TGA.

This study has some limitations. The combined rarity of the disorder and short duration of the episode posed a challenge in recruiting a more desirable number of TGA patients in the acute stage, compared to the 20 or more participants that are typically suggested for traditional fMRI ([@bb0240]). Although the chosen methodological approach, ICA combined with dual regression, has been described as being a very powerful approach for reducing noise sources and is more sensitive than other approaches in highlighting interindividual differences, further studies with larger cohorts are advisable ([@bb0225]). Moreover, future studies should include follow-up fMRI analysis in TGA. Finally, other factors associated with TGA (e.g. patient emotional state and stress during the acute condition) could also contribute to differences in functional connectivity between patients and healthy controls.
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